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UfTHOIXJCTIO]! 



Until mthor recently, transslssion lines for 
natural gas onerated under pressures only slightly 
alxjve ataosrphsric pressure* Even in these lov-preesuro 
liaCvS, deposits of v;hit« crystals vmTO observed oc- 
casionally* Since those deposits appeared only at 
ttr^oratus'es considerably below the freezing point 
of water, It was lather genoi^lly thought (10) that 
they consisted raerely of ice ciystals. ^he ariouat 
of ’’enow” aoTXJsited in the lines was so smll that 
it did not cause .serious operating trouble; its in- 
portance did not appear to justify critical study. 

In rather recent years, high-nreGsur© transraierdon 
lines for natural gas have cone into very corraon 
and very extensive use* In these high pressui'e 
lines, the depo.aition of the white solid oceurs in 
cuch quantity as to cause clogging of the lines and 
serious fouling of valves and orifices. Furthcr- 
niore, at high prosaares, in the range of 500 pounds 
per square inch, the crystals may doposit at tea]>or- 
ntures as liigh as SO®!*" (2). 

Surly in the history of the high-pressure 
tx’anmisnion of natural gas, it was found that the.a© 
‘»snow” crystals nre really crystalline hydrates of 



£K>iie of the loTjer hydrocarbons, as for cs- 

anple, CH^*®pO and Cglig*6J£gO* 

In the past decade, a eonsiderabl© o:siouiit of 
research lias been done on the fomatlon and pro- 
perties of these hydrates and on methods for pre- 
venting theix’ fonation, (5) (4) (8) (9) (10) (Xl) 



Tim OF HYDMT* FOEUATIOH 



The foraation of natural rae hiydratea depends 
priaanrily on teianerature, pressaire, and coaponitlon 
of the Aa shown by tiraph 1, both high pre enure 

onfl low tenper^iture are favornbl© to the foraation 
of hydrates. Favorable temperature and pressure aie 
not the only cr5-terla for hj^^drate fomition. The 
ga» aust be olniost Sijtureted with respect to water 
Vapor, since these hydrates will not fom until the 
dew point is approached. If the partlv^l pressure of 
the water vapor in the gas Is less than the vapor 
pressure of the gas hydrate, the hydrate looses 
water and docOTpoees. Also Indicated in Graph 1 is 
the fact that hydrates fom at slightly different 
pressures and temperatures depending noon tiic coa» 
TOsltlon of tlie natural gas. 

A define te temperature* pressure, find com- 
position are noccss?iry before the gas iiydi-oto can 
form. lioivcvcr, even If these conditions are estab- 
lished, it is by no iseana certain that the liydrateo 
of the loT?sr paraffin hydrocarbons vd.ll crystallize 
out. There ar© then certain secondary factors vvhich 
influence the formation of gas hydrates. It hfis 
boon found (2) that high x’^elo cities of the gas stream 
pressure pulsations, or the Introduction of a jsiall 
hydrate crystal all promote the formation of the 
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FAVORABLE CONDITIONS FOR THE FORMATION 
OF NATURAL-GAS HYDRATES 



hydrates. Both pre-^»«ir« imlsations '>nd hlijh re- 
looltlsG nre encouatorefl in ti-nasnlssion lines, 

T!ie curves of prcsaarea an<5 ten^r^t tires ne- 
cessnry for hydrrto formtion in an actual -as ahor 
a chr*n#e in slope at about 6&^T, This is si.TnlfScnnt 
in t.h*t the actual eq_ulllbriu’a tentier-^turo at 4,0C0 
->ouna er scuare iacii is lo^^er 5*^?. to lO^iT, than 
the values th -t W'lul'! be obtaln-d by ositraT^olatiii^ 
the lov-rres»ure data as n strnl«!,t line. The chanj^c 
in slope ttay indicate «o:n© chan;^e In the l.y^r te 
forn.ed, as* for exa^a^le, lor*eriaa; the mcabor of 
•enter nolecules per aole of <’na* The nunber of rater 
rvOlec’^i'.'S e.>r laole of natural ^as constituent; in not 
known ’T'rccisely (2), Early \ork (8) indicated fi«£>n 
6 to 0 cioloa of t^ater per nolo of hydrocarfxin In the 
crystal. \t hlrMr Pressures it w?# found (21) th >t 
tiw“»e valves decreaa© to 5.3, 4.8, and 4.3 noles of 
e^ter per uole of hydrocarbon. 
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TI2H ELBiBunoif OF G\s immxTm 



Sinco the fomation of naturcil gas hytSrates is 
Q function of temperature , presauro, and oociposlt5.on, 
the eli’ulnation of these hydrates \idll depend upon 
the effective control of these variables. The gas 
saer^^ee from the casing head at the well or fron tlio 
puniping station at a definite pressure, tesipcrature, 
and conpositlon. The forsaation of solid hydrates 
Clay he prevented by reducing the pressure of the gao 
to below the critical valve required for solid for- 
oation at the loxw5st teaperature existing in the line, 
by naintalning the teripcraturo of the gas above tho 
point at which solid hydrate fomation can occur at 
the existing preseure, by adding to the gas sene 
substance that prevents the fomation of solid hydrate, 
or by dehydim^ting the gas to a dew point Iovgt than 
the prevailing teaxKjrature of the atnospheire surround- 
ing the tranmisrdon line so as to prevent saturation 
of the gas with i^’ater vapor. 

Lo?(?ering the gas pressure is not sound practice. 

It noans the gas must bo rcjconpreascd for tranini scion. 
Expanding the gas to a loiver pressure also means a 
drop in gas tesnperature, The gas is still saturated 
with respect to vsater vapor and at the Iotoz' temperature 
the tcmlensy for hydrate fomation has not been 
decreased. Halnsing the gas temperature makes the 



Tiie present pQi>er Is ciainly concerned with 



detiydration by diethylcne glycol. 
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FLOW DIAGRAM OF A 
Dl ETHYLENE GLYCOL DEHYDRATIOrvf PLANT 



Tlli. DliiTilYLiiHS GLYCOL PLAKT 



In the continouo diethylcne glyool plrmt, high- 
prear^ure natural gas saturated ?;ith water vapor is 
passed upward through a contactor in vdiich it is 
brought countercuirently in contact with diethylene 
glycol. Since the glycol has a aaifeed affinity for 
water, it absorbs the \7ator from the natural gas. 

The gas, freed froa nost of its initial 'crater content 
by conta«'t \sdth the glycol, passes fron the top of 
the scrubber to the oonpiessor and. the traxu?- 
mission line. The wet diethylene glycol paasos 
flora the botto® of the oolicnn to a regenerator in 
which the water is rctaovod. The strong diethylcne 
blycol ic puaped back to the top of the contactor, 

The plant consists of the follovdng essential 
units: 

1, A. contactor 

S, A regenerating still vdth reboiler, condenser 
reflux pi*ip, and condensate receiver, 

3. A heat exchanger and a preheater (optional) 

4. A duplex puap. 

5, A boiler to generate steam, 

6, Various flow and tenxperature controls. 

The contactor (see diagram) is a colican 

consisting of a gasoline separator on the botton to 
extract any natural gasoline entrained *.?lth the gaa; 
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t\TO or three sots of douhlo contact plates in th® 
niddle portion; and a trac3rfior separator to resnove 
any entrained diothylene glycol raist froa tho gas. 

The contacting unit consists of three seta of doubli 
plates. The upper plate holds a series of uptake 
pipes w!ilch dip Into a liquid resovolr of diethylene 
glycol on tho lotcer plate. 

At the stai't of operation the gas enters under 
high pi'osaure and forces the liquid up the uptal:e pipes 
v;!iile the liquid level on the botton plat© diops. 

When the liquid level on the bottoia plat© drops to 
below the rim of the pipes, the ges rushes up th© 
pipe in a swirling notion entraining soTae of the 
liquid as nl st. The exist tends to separate out vAicn 
tho gnfl changes direction to pass to the no:^t plate. 

This type of colunn gives good contact with very 
little pressure drop, Tlie colurai aust be constructed 
and errocted ^d.th perfectly horizontal plates. 

Ail the equipment is constructed of standard 
cold rolled lov;-cnrbon steel, accosrding to API-A^IIS 
codes. Corrosion ia negligible. 

The regenerator is a sisapl© bubble-cap plate 
distilling column, ualnj; stean in closed coils in 
tho reboiler, reooTing vrater vapor as product (tops) 
and recovering strong (97 per cent) diethylene 
glycol from the bottoms. 



The rof lux reoelTer is a larc® vsntedi tanlc vfMch 
riust die dead periodicallF to detenaine if any 
natural m'B or f^asoline has been absorbed with the 
imter vapor by the dietbylene glyool. 'fliia ctill 
operates at atnionpheric pressure and is deoifpied for 
a Kiaxiaun of 50 pounds per aquar© inch absolut^^. 

The stean boiler is a simple borisontal Scotch-^ 
Marino type autociatleally controlled boiler. . It uses 
natural gas oo a fuel* tapping the ranin transnission 
line thru a pressure reducing Talve. The stean is 
used in the reboilcr of the still and in the duplex 
purap. 

The duplex pump is necessary to pimp the strong 
diethyleae glycol bade into the pi*GSi3ure contactor 
from the regenemtor X7hich operates at atnosphoric 
pa.'csvsure. 

Various cont3*ols such as a liquid-level control 
on the bottom contactor tray, a flow control for the 
duplex pump, temperature, pressure and automatic 
cut-off controls on the boiler, teiipernture control 
on the reboller and on tb« preheater, temperature 
control for the vapor product of the z’egenerator to 
control reflux. All of these controls arc necessa3?y 
to make the plant automatic in operation. 



TiOS Di5«ia:i OF T1135 GLYCOI. H.AIP? 



The aain purpoB© of the diethylene /glycol plont 
is the dehydration of the natural gas to a lor? cnou#3;h 
dew point so that the ges is at all tines unoa turn ted 
\vith respect to water vapor. As long a« the gas is 
uns'tarated, no solid hydrated \^11 fora. This implies 
that the dew point must bo lowered to a temper^.ture 
bcloT? the lovect seasonal temperature en.coun«.cred by 
tire transmission line, 

Assiming that the gas esier?^es from the -ell or 
fi*ora the pumping station in a condition of estuimtion 
with respect to water vapo2?» there rotanins only the 
dote minat ion of amount of v;ater vapor that must be 
rc iovod to drop the dev? point to a value lo*?? enough 
to prevent hydrate formation. It t?auld sem that 
specifying the natu..-al gas temperature and degree of 
saturation would completely determine the water vapor 
content. This would be true at low pressurca v?hero 
ideal gas laws and partial pressures hold, honwer, 
at high pressur*es, the vapor presfure of neater tends 
to increase above the oquil-lbrium pressui’e at nomol 
pressure. This is kno-m ns the Posaating effect (6). 
The water vai-?or content can bo opprosimatod by use 
of the fugacity at the operating prtJssure in com- 
bination vrith the onapressibillty factor. This 



12 

approximation is not necess^>ry, as Kussell (18) (19) 
has recently determined tho equilibrium *.?atcr vapor 
content in natural can at Tarioua preceures and 
temperatures G-raph 2*. On this iqraph th© ilnTnejv 
scteilclt hydrate line is indioated. It can be seen 
that both high pressure ami low teaperafure are 
necessary for hydrate formation- Graph 2 slior/s the 
oqullibrlisa saturation water vnixsr content s.t various 
tempera tures and pressures. To estimate tho anount 
of Vfiter vapor that must be maoved from the gas it 
is nocesniry to first detoraine the water content 
at the gas line teapersture and pressure, and to 
E^ibtract from tills value the watsr~Tapor C'..ntent 
at tho acne pressure but at a temperature corresponding 
to til® lower «kfw point. This lower toapernture is 
the Im'/est tonperaturo to which the line nay bo ex- 
ix^ised. Tho diffenmco bet'.mm the tiio water contents 
rcprcjients tho anount of water t^int nust bo removed if 
hydrate formation Is to be prevented. If the miter 
content in pounds per oil lion cubic feet of standard 
gas to be re^ioved is now nultipiied by the gas plant 

* Many of the graphs in tiiis paper whoi*e ooaiod from 
graphs appearing in tho printed llteraturo, hue to 
the low degree of accuracy, these graphs should not 
be used for design purpoaos* 
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capacity in nillions of cubic feet of atfjndfsrd 
per (■'ay, the rtite of rater removal is ?’eriv©d. The 
accurate connutfition of r.t>to of water removal is im- 
portant f)s it helps determine the rate of /glycol cir- 
culotion. 

The detcsriinatlon of the glycol r te is tho hey 
to the desic^n of the dehydration plant, because this 
rats fisos the ntimber of contactor plates, tho con- 
centration of m?sj: ^'='Col leaving; tho contactor and 
also tho hofit load of tho rc':*cnftrotor reboilcr, Tao 
optima fvlyeol rote is dote rained by an economic 
bnlanc© between the nuaber of plsstes in the contactor 
and the stenn constrr'^tlon in the reboiler of the re- 
f:enerfitor, before dcterainln." tho a^lycol rate, several 
operatin.'^ factors riust be fixed or nsruaed. 

In a simple nateidal balsnoe around the co-itsctor, 
the \ ater renovod from the natural c.nn must ecunl the 
-rnter absorbed b the liquid diethylene j?lycol. If 
the r te of n^itural gas flew is expressed in pound 
faoles of bone-dx-y notu,rnl gas per hour, the r to of 
glycol flow as the rnolon of pure dry glycol i>er hour 
and tSio water concentration in mole r-*tio, the 'material 
b'^lsECo r^'dacco 1 k>: 

G{Tb-Y^) ® L(Xb-Xt) (1) 

vdicro: G s Holes of dry inert ans per hour 

L s Moles of pure dry dietl.ylenG glycol per 



hour 
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Y * water nar RioXe tJiy was 

1 M tfoles of water tcT ^aole ruro ftry irircsoi 
JS « Bottosi of eoatnctor tovwr 
T « Top of tomr 

7hla eQuatlon is a Bk\t«3ElRl Ijalanos and, 

AS such, wtt told truo iii'cspectivs of tti« "locli- 
aniarj of absorption. If it can hs asmriod that no 
ulycol «Ti^vx>rate3 In the contactor and that no 
natural ryts is absorbed by th« liquid glycol, then 
Cr, tl>* dry gas flow, and L, the dry llouid glyool 
fl'. 5 W, are both conatant and tto ratio l./» aust also 
be conntant. If the ratio of h/O Is constant on an 
X fs Y plot, the O’wmtiiig line met be a straight 
line with the slope of L/G, Thl# ooeratia^; line la 
Indicated on ^iraph 4, On the mm graph, the eqiii- 
Itbrlua betwen. t^ter vonor In tlie gne and witor 
concenti^te in the liculd glycol solution is In- 
dicated at the operating temperature. To oin^lify 
calculations, tho assanptlon i« laadc that the con- 
tacting tower will o??erate at the tempers ture of tto 
inlet sufcs# This is a fair nnprorl“4.ation, ns tho 
mtlo of rate of *^as flow to the rate of flow of 
Glyool ta so Icsv-a that, in onite of the lar'^e 
difference in heat esnaettiea, tto total tover con- 
tents aoon ap*" roach the tennemturo of the cas. 
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\9 EQUILIBRIUM DEW POINTS FOR GAS DEHYDRATION 
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As otiatsAj 'the ^torial balance is exnreseed 
by the equation: 

In this e-;uatlon, O, Y^, Y-p, and are hnemn 
or fixed quantitiee. The mt© of flow of rlycol 
(L) a)id the concentration (Xb) of th® outgoing 
wak solution oto not kno'wn. Thus we ha've one 
equation VTith two unknown s. In a *tswer with an 
infinite nunber of plates, the riini'^iun ratio of L 
to G under tdiich th® totyer could operate t?ould be 
that corresoondlag to the tangent of an ope3^atinc; 
line tiiat just touches the oqulllbriuia lino at one 
point. If tho glycol could bo passed dova th© 
toiler with no change in oosiposition, no plates 
\« 3 uia be neodod, but an infinite rat© of circulation 
of glycol ^TOuld bo required. The actual glycol 
rate and the concentration of gi.ycol rjclution 

nust be fixed by an econonic balance, A rough 
balance indicatoa that the aotunl l/G ratio slioxild. 
equal about four tines the niniraim l/G ratio. The 
equii.lbri.uia cumre for 8(^^* indienteo a nini'auia L/G 
of S,5uClO*^ loles of glycol por laoie of dry gas. 
Tills oorreoonds to jin actual L/G r»itlo of 1X10** 
noles of glycol per ciole of dry gas. This ratio 
automatically fixes the glycol rate. Knoi/ing the 
glycol rote, the concentration of glycol leaving 



the toiler can be rletemined fson the arterial bainnce 
of Equation !• Thus* the design of the contactor 
lacludes the os^ression of inlet and outlet water 
content in nole ratios, the detemlnation of the 
Ymter-diethjrlone glycol equilibriiKa curve at the 
operating teraperature and pressure, and the deter- 
nlnation of the ciiniKira L/G ratio. The lalainici 
L/G ratio, together with econonic considerations, 
fiaces the ectuol l/G ratio, the diethylene glycol 
rate, and the ooacontratlon of weak glycol leaving 
the tov/er. 

The nsolar ratio of water to dry gas in the 
inlet gas is cjilcuXated tixm the line tenwrature 
and pressure, on the QS.otKiption that the gas is 
aatux'ated with mter vapor. These conditions and 
Graph B are sufficient to fir tho isoles of water 
per Taolo of dry gas. The water content of gas 
leaving the top of the toimr In also found fron the 
sarae graph using the sase pressure, Hovmver, the 
tenperpiture in tMs case is not the gas tmporptar© 
but the dew point to which It is necessary to iDwer 
the gas fra’s aaturation. Tills dew point is fixed 
if the geographical position of the tnnml scion 
line is obtained. To prevent hydrate formation, tho 
gas nust remain unsatuipited. To remain imsatiiratod 
tho do\f ixiint aust filvjnye be lot,*cr than th© gas 
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teffiperatare. Therefore, the de\7 point to which the 
Gas must be dehydrated nujst al\mys be lov/er than the 
nTerage vdnter tcapemture to which the line nay be 
oapooed. 

( The eauilibrliWL oux-vee (Graph 5) are constructed 

by a ooEibiaation of Grapha 2 and 4* G 3 Paph 4 shcjws a 
series of equilibriici de»7-point curves for any ecai~ 
tact gaa t<» 5 pc 3 ^turo corxespondinG to a definite 
Glycol concentration* The rratoT corxtont correcpond- 
inc to tha equilibrito dei7 point at the line prosEure 
can be read froa Graph 2* Thus a series of equilibriuR 
cunrexS at different teapeaxitures for any one pressure 
can be dra\«i. For any other presoxre, aruather foully 
of equillbriura curves is necessary. 

To clariiy the above prooedua?© a problaa will be 
illustrated* 

Problcn: Design a dehydrating plant 

handling 100 million standard cubic 
feet 3 >or day of natural gas. Gas en- 
ters at 80^F* saturated v.lth water vapor 
at 1,000 pounds per square inch absolute, 

Tho Gas gravity is o,6. Geographical con- 
siderations require the dew point to be 
lotTered to 30^* 



GRAPH 5 




Water - Dietbylene Glyi:ol- Natural Gas System 
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1* Rate of vmter rcsaoiml 

A. Initial vf&tQT (»ntent at 8<^. ana 1000 
poimds per sKitiare inoli absolute is 

33.0 lb. %0/l0® Sta. Cu. Ft. (Owiph 2) 

B. Final mater content at 3CPF. and 1000 
pounds per square inch absolute is 

7.3 lb. HgO/10® Std. Cu. Ft. (Graph 2) 

C. Kot mater to be rwaovod is 



33.0 - 7.3 ■ 25.7 lb. HgO/iO® Std. Cu. Ft. 

B. Eats of muter raaoTol per minute is 

25.7 1J>. BflO/lOS n./Dar 

z 1.78 lb* EgO/feinutes* 
n Tlie diethylono glycol rats 

1. Um/G)* MinirauBi is 

2.5 X 10“* Moles Glycol^oles diy gas (Graph 6) 

2. L/G « 4 X (I»/G) HinimM is 

1 X 10^ Moles Glyool/koles diy gas 




3. Q » 100 X 105 std. Cu. Ft 

a 11*000 Moles/ilr. 

4. L » G X (L/G) » 11*0C0 x 10“® 

m 11 Moles Glyool /Hr. 



Mole 



^ **' 3Jl 



9 , 1 . ib./Golion 



b. Mole 



» 128 Gal/EIr. = 2.1 GHi 
* A list Of synbols used appears at tiio end of this paper. 
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III Conoeatration of we«5k glycol ooXution 

Yt\-Yr? 

1# L/O « 

a) Tb « gg Ab,, me 

« 6,9S X ICT^ Molos H20Afele Siy gas 

- 7*g/18 • 1*54 X 10-^ lioles HgoAioles aiy^ 
10^/379 

o) » 97^ glycol by ‘.teiglit 

~ - 0*182 Moles HgO/^oles dry glycol 

97A06 

L/O » 10-3 = o . 9g £ 1Q-* - 1S4 g 10-« 

SB - 0»182 

» 0.72 Moles mter / Molo glycol 

** lOQ ^ 1 * 8^ glycol by viedgbt 

*¥i X 18 /^06 X 1 

IV Tlie Contactor Tomqt 
A. Iluaber of plates 



Fron Graph 5, 2,2 theoretical stops are re- 
qoired to reduce the ooisture content to the de- 
sired point under tlie oiseoified conditions. This 
assumes perfect oquilibriusi is attained on every 
plate. If v^Q ascREio a plate efficiency of 78/S, this 
corresponds to 2,2/,75, or S actual plates, 

3. ToiTor Dljsaoter 

To find the to^Tor diaaetcr, tJie true volmo of 
floiT at 80®F, and 1000 pounds per square inch ab- 
solute rmst be knmm. This nocossltates the deter- 



rrination of the- coapressibility factor, sinco the 
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Idotjl sas law doea not at 1000 poands par aquar« 
inch. For natuna «a® with a sas fjraTlty of 0#6 th« 
psaadoerltloal pr«*sur® t» 6W) pwmd® par »q,ttara inch 
ahsoluta and tJia paeudooritical taaspeiMtur* la 37CPP.* 
Py » P/Pgg « 1000/ft?0 a X.4» 

Tr * 540/370 * 1.45 
a • 0»87 

Tho actual YolUBia of gna flow is tiians 



«• 925 Cu. Ft.Aia. 

T2» ASlowatlo Ckio Toloolty is 

T. • 1S7 

for F • 1000 Its. per SQ. Inch* t » (XPF#|^ flRS ^kb 119 '~ 0*6 
thoa * 4 Ihs. per. Cu. Ft. 

T » 1£7 1/4 
Y •• 63*5 Ft.^Jin. 

Ai«a • Actual Volutae/Allowahlo Vdoeltsar 





* 14.6 Ft. 
d * 15.5 /X * is.sfiile 
d « Sli in* diesaoter 
uso 52 in. 



C. Shell thic2a«JS9 



t» 




t“ 2,47 inches, or inch plate 
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Slace tliis ehell is rather tliick, it b© econordc-*! 

to iHTeptiPjate th© cost of operating t*-^ totiTors in 
pamileX, each hav-iisg lisilf the area of the. original 

tover* 

^4 s 7,5 sq.ft* 
d • 13*5/ 7^5 * 56 incheo 
.'^lell t!iic3meeo t » * 3..72 « If incliea. 

T«o towers of if iaeh ”?5nll8 ^oitld prcsbnfely bo cheaper 
•f^n on© tower of 2| inches# 

B* Uptake 'Aren 

1# Allowable velocity « 1200 to 1*100 ft./oin# 

2# Uptake area 925/1200 s 0#77 sq.ft* 

S, Divide into six uptakes of 0*15 sq#ft* oecli 
4* Dignoter d * X3* 5^ *13 * 4 ,85 inches 
Use 6-5 inch diacjeter standard pipes. 

X? Drnsim of nefi&mmtoT Still* 

1* Pressure = 1 Ataosphero 

2, Allomble vapor velocity - 1 ft, /see. 

S. Use reflux ratio of 1 to 1 

4* Vapor rising = twlco feed vanor 

5. Yoline of vapor rislne 

z lbs. HoO/nln. % 2 x specific volune of 

Gt-eosi at SlS^F* 

» 1,78 Ibs.KgO/oin. x 2 x 26.B cu.ft./lb.Kj^O 
X 95.4 eu.ft./min* 



6. /ircfi s ’8'bluno/Veloclty = 95,4 ~ 1.59 oq.ft. 

’’'WT 

7, d - 13, 5“^ 1,59 - 17 inclios dlsneter 

Use laroitrarily ) 10 bubble cap plates feeding 
in on tJie Hftli plate, 

V HOvat JiKciianger 

1, Use Ori scone Risnel C fin tubes 
S, To cool concentrated dlethylono glycol fro ., 
reboiler tesxpex’ature of 530^F, to 160®F, 

3, To beat waJe diethylene rlyooi feed fron 80°F. 
to 250®F, 

4, U S 5 to 10 Btu/se,ft, x hr, x JJ!^TD 

5, Kent load = S ^ ^ 

Cp 2 0.5^5 Btu/lb,°F, 

W 2 Om X CO X 9,1 lbs, /gallons 
t = 170'^, 

Q. s 0.5SS X 2.1S GRS x 60 x 170 
2 107,000 Btu/hr. 

6, Area * Q/U x K^ITB 

2 107,000/10 X 80 « 134 sq.ft, 

VI Hobollor 

1, To beat glycol fron 250®F, to SSO^F, 

2, To vaixsrine tw'o tine the reflux of x^ator vapor 

3, 4rea 2 Area to heat glycol plus area to heat 
\?atcr va]x>r plus 205» extra 

4, Us© otesn 135 Ib./aq.iii, and 3S0®F. 
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5, Usl5 for h«^atin^; 

Q = Cp 5 T S 0.525 X 2.31 x 9,1 x 00 
s 52,700 Btu/hr 

L'lTD = iSTx “ « 100 - 20 a 49.7^F. 

InA^^Tg In ioo/so 

Heatln^j Area 5 q/OxUSTD = 52,700/15x49.7 
S 70, G sq.ft. 

6 , U for vat)orisin£t = 30 Btu/hr so.ft.^F. 

Q r 970 X 2 X 1.78 X 60 = 208,000 Btu/hr. 

A = Q/ UxBilTB = 208,000/30x20 
S 347 sq.ft. 

7. Total Refcoiler Area x K-^t 
A = 70.G + 347 + 83.5 

X 5C1 sq • ft • 

VII Still Condenser 

1 . U = 50 Btu/hr. sq.ft.o?. 

2 . Use cooling water of 80®F, 

3. Condone© to 200®^', 

Q » W X 

= 970 X 2 X 3*70x60 = 208,000 Btu/hr, 
LWTD « "■^'^2 ® = 87 , 7 ^. 

In^Tj^/^Tg Ln 122/62 
Area = Q/Uxi^TD * 208,000/50 x 07,7 
S 47,5 SCI, ft. 
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5. U^15 for 

r Cp n T - 0.S25 s g.si X 0,1 X eo 

s 5E,700 BWhr 

DOT = a 100 - SO a 49,7®?, 

"liPFJTfg ““HTm^o 

Keating? Area s Q/OxD^Fi) = t5£, 700/15x40.7 
5 70.6 sq.ft. 

6. U for VQporisiact = SO Btu/lir sq.ft,®?. 

Q r 970 X E X 1,78 X 60 = 808,CXJ0 Btu/hr, 

A S 0/ OxiailT/ :? £OS,000/S0xEO 
r S47 sq.ft, 

7, Total ReboiXer Area ® Af + 

A = 70.6 t 347+83.5 

= 501 ftc.ft. 

VII Still Condenser 

1, 0 • 50 Btu/hr, sq.ft.®?. 

2, Use cooliri,^ water of 00®?. 

3, ConOeaoe to £00®?, 

Q « W X Hgtjeaa 

s 970 X £ X Ii7a3CdO s £00,000 Btu/lu*. 

DOT * - ATg s I££ • 62 a 87,7®?. 

lllT^^Tg Br 12T/Q2 
Area S a/U?32.iTD » £08,000/50 x 67.7 



z 47.5 Sfuft 



The v/ilues of U (over-all he*?t trsinafer) pjad 
sl 2 in«c of various contr')! instm’^nts ai\rt pu‘irt« nre 
nccfvtjfi by rv'con'ien.dation of various; ooncv-ms 
siauafuft -uriAg tM« equiixt^nt. 

Tber^ arc also nwirrous other "etnils to the 
coxrlvte a»*i«u as the doaifsn of to^-^er fouirh>t5one, 

de'i.-:! of 'A^pirm niit stractual supports, detailin'^, 



dr ftinr, rind uoot unalyoes. 
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rarsCUSGiON 



Al&bou^ii mi!sny plants, slnilar to tJie one described, 
haTO been designed, constructod and are opersiting 
aceordin. 5 : to guaranteed specif i cations , nuch reiaainc 
to be deoircc! in the good engineering of the docign. 

Jor a ;w*:e rigoxmio approach the follo’^.lng data 
nhouid be obtained, 

1, Plate efficiency in contaot to’",-er and in th© 
rageixorator. 

f. Hi ©gilt of a transfer unit, or of an egulvlicnt 
theoi^ticaX vlato, to be used in n paclced-to-.x^r tyrye 
of contactor or regenerates r. 

5, Bettor equiiibriisn data for the synten, ^'ater- 
diethyleji© glycol and the sy^tea n;iite,rnl cas-T'oter- 
dlculjj^flenc glyool, . 

4, Cosiplete oont analycss to detcrsalne econonie 
optiriusa conditions of diethylens glycol rate, concen- 
trations of diethylen© glycol and minber of trays for 
both contactor and regenerator, 

The Giiolce of equipnont is rather flexible and 
depends upon econo’^iic considei'^tloiis, l.n place of a 
rcssnora.t.or r/ith a bubble-cap colUusn, it -ht b«? 
feasible to us© an erapoiaitor. It is also ixiosibl© to 
use a snail packed tov:^r. T3\e contactor, althou.rh 
usually '•‘■esigaed with uptsilce pIpjos ns indieat'''d in 
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liiorra"! Ij nay also u*e babble-cap tmya or c0.at-type 
pacJcinr* 

It Is the autlior’s opinion th«»t the oontactoi* 
'’equiiva coasi-torably nore investij^ation. tJince th® 
prfST.ire fxn*-2 'as capacity are both hi^’h, tie contactor 
couetitubCK by far the largest exr>enae for construction 
anti errectlon. It isi Qu^y^ests^fi that this ©rponf:G can 
be narkodly dccro&scd by the uoe of a centrilirqal 
eo^'tactor of the rodbilnj.alc type* vrhich i^ives oxccllcnt 
car-llfuid contact, Ho drivinr^ force need be a^^'lled 
to rotnto the vanoisj theoe vanes may be curved oo that 
the velocity of the ms throufl;h the contactor spins 
tliei. 
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COICLUSIOII 



An atteipt to follow tlic -'cslgn phllof?oT5?i:/ for 
t^e fleby tlon of natural b«’»en in iica 

V! e i ., nritlc-r eoaflenlcaliy eli^’ant wot is it 

hi’;;hly rl 'porous, Tiiat r.o sia: f existing plants onsrate 
fairly succossfully not elioinote the nee;' for 

tore accurate experincntal data and nor© scientific 
dcs,lr':n; ’••iti* be'^ter < oslgii and better data it oh*)ult! 
be '"ossibla to •■“ot ior« satlnfaetory and acre 
ec3Xior.Ical operation* 
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iTCU50L3 

A » Ai’?a> >qimre? feet 

Cr.s .:o3.e» nf inert, iry siatural g»G per hour 

II - Btu/lb, Erole 

n S r>en pi ble heat Btu/lh, 
s 

L * !^oles of <^ry diethyipine glycol oer hour 
p Z Pressure, -poxinds square Inch 
- Heat transferee, Dtu/hr, 

Or * ’degrees Rankine s Degrees Farenhelt 4G0 
R = Gas c«5n.«taat» 10.71 lb, /so. in, x eu.ft, 

T “ Te:»j.o^rfjturc, Degrees R'^nklne 

tj Z 0\'erall coefficient of hent tranofer, Btu/hr,sq.ft,°P, 

V z Volume, cu, ft. 

A = 7 . 0 I 00 'heater per mole di*y rtiethylene glycol 

V - ^olcs ’7it/r per nolc d3ry :as 
Z z Compressibility factor 

g “ Gas gravity x^fered to air at same conditions 
p r Vapor pressure 

V - Velocity 

A - Finite difference 
^ z Density Ib./cii.ft, 
c z Critical conditions 
1 z Liquid 

r z Eodiiced property 

no * Pc'*u'*-ocrltiCval condition.s~refcreu to misitures 

V = Vajjor 
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